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Description 


The invention relates to flexible supporting 
sheaths for cables and the like comprising a series 5 
of interconnected substantially identical links, each 
link having an internal passage, with circular trans- 
verse cross-sections throughout its length, extend- 
ing through ft from one end to the other, an inner 
concave spherical surface formed In the passage 10 
at one end of the link, and an outer convex spheri- 
cal surface formed on the outer surface of the link 
at its opposite end, in which the convex surface of 
at least one link is engaged with a concave surface 
of an adjacent one of said links, in which the cent- 15 
ers of the engaged convex and concave surfaces 
coincide, and in which the concave surface of said 
adjacent link overlaps the convex surface of said 
one link to an extent such as to prevent separation 
of the links, said links having means for limiting ar- 20 
ticulations of adjacent links. 

In the conventional machine tool or the like, a 
flexible supporting sheath for cable or the like com- 
prises a series of inner frames, adjacent frames 
being connected by surrounding pieces. The sheath 25 
encloses, supports and guides a portion of cable 
having a fixed end and a moving end, allowing the 
cable to be flexed repeatedly within a specified 
range of movement Each of the frames has two 
grooves of specified width arranged in uniformly 30 
spaced relationship, and the surrounding pieces 
having flanges which fit into the grooves. Each of 
the inner frames in the sheath has surrounding 
pieces at both of its ends so as to make one united 
assembly. 35 

Bellows-type sheaths have also been used to en- 
closed cables and the like connected between rela- 
tively movable machine parts. Bundled cables have 
also been used to make connections between rela- 
tively moving parts. 40 

Although the conventional flexible supporting 
sheath, comprising frames and surrounding pieces, 
is capable of bending in a plane, and thus adapted 
for use with a Gnearly moving body, it is not suitable 
for use with a robot capable of universal movement. 45 

In the case of universal or three-dimensional 
movement, bellows or bundled cables have been 
used. However, with bundled cables, bunching of 
the cables may result in aesthetic problems in outer 
appearance, and furthermore the cables may not be 50 
adequately protected. With sheaths of the bellows 
type it is difficult to cut and making connections. 
Furthermore, with bellows it is not possible to estab- 
lish a specific minimum radius of curvature, and ad- 
equate strength for supporting the cables cannot 55 
ordinarily be attained. 

A flexible supporting sheath in accordance with 
the prior art portion of claim 1 is known from French 
patent specification 1 098 836. ff the supporting 
sheath according to the prior art is kept straight, it 60 
has a smooth and uniform cylindrical internal pas- 
sage passing through all of the individual links. 
However, if the supporting sheath according to the 
prior art is bent, the internal passage is no longer 
smooth, because steps are formed at the contacting 65 


areas of two adjacent links and a shear-stress is 
exerted on the cable, having adverse effects, es- 
pecially, if bending occurs repeatedly. 

The invention as claimed is intended to remedy 
these drawbacks. It solves the problem of how to 
design a flexible supporting sheath which can be 
bent under a minimum radius of curvature thereby 
averting any adverse effects on the cable con- 
tained in it 

In accordance with the Invention, it is also 
possible to increase the minimum radius of cur- 
vature, and even to render portions of a sheath 
unbendable. This can be accomplished by the use of 
spacer members inserted between adjoining links 
whereby bending is prohibited, or partial bending is 
permitted so that the minimum bending radius is 
enlarged. 

With the conventional supporting sheaths con- 
sisting of alternated grooved frame elements and 
flanged connecting pieces, and even with a bellows- 
type sheath, it was impossible to provide a branch in 
the midportion of the sheath. Branching is often de- 
sirable for making electrical or fluid connections in 
complex robots or machine tools. 

In accordance with the invention, one or more of 
the links in the flexible sheath has at least three 
openings. Two of these openings connect respec- 
tively to adjacent links in the sheath, while a third 
opening connects to a branch. The branch can con- 
sist of a similar articulated sheath, in which case the 
third opening may have a spherical fitting surface 
for connection to a first link of the branch. 

Another aspect of the invention relates to pre- 
venting the intrusion of water and dust into the inte- 
rior of the flexible sheath. This invention solves the 
problems of waterproofing and dust-proofing in a 
flexible supporting sheath by means of annular 
seals provided at the engaging parts of the con- 
cave and convex spherical surfaces, or by belt 
seals covering the gaps between adjacent links, or 
by annular seals which are compressed in these 
gaps, or by projections formed on the concave or 
convex spherical surfaces which partially eliminate 
the gaps between the engaging spherical surfaces. 

One problem with a flexible sheath in accordance 
with the invention is that it is not necessarily easy to 
connect and disconnect a convex spherical surface 
and a concave spherical surface. This can be done 
by application of heat to the concave surface to 
cause it to expand. However a more effective 
means of connection and disconnection in accord- 
ance with the invention is provided by splitting the 
links into halves. Each of the halves is provided 
with two longitudinal faying, or closely meeting, 
surfaces, and at least one pair of the faying surfac- 
es are engaged to each other by snap-in connec- 
tion. 

To enable a flexible cable supporting sheath to 
follow a large variety of movements and at the same 
time stabilize the paths of movement of the sheath, 
it is frequently necessary to provide a flexible 
sheath which is fixed at one part thereof, flexible in 
only one direction with a fixed minimum radius of 
bend at another part thereof and bendaWe to a fixed 
minimum radius in arbitrary directions at still another 
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part thereof. Prior flexible sheaths have been un- 
able to meet such requirements. 

This invention satisfies these requirements by a 
construction in which each of the spherical sur- 
faces is provided with one or more radial holes, and 
a pin is press fit in a hoie in one link and loosely fit- 
ted in a hole in an adjacent link. The pin may be pro- 
vided on a spacer which is inserted in a gap be- 
tween adjacent links. Alternatively, a spacer insert- 
ed in the gap between the adjacent links can have 
tongues extending in the longitudinal direction and 
engaged with grooves provided in the Onks to pre- 
vent the links from rotating. 

Another way to meet the requirements for vari- 
ous motions such as one-dimensiona! f two-dimen- 
sional and three-dimensional motions in accordance 
with the invention is to provide one of the spherical 
surfaces of a link with projections while the other is 
provided with recesses. The projections are en- 
gaged with recesses. 

By choosing the appropriate configurations for 
the projections and recesses and, further, by pro- 
viding the large diameter part on the outside of the 
concave spherical surface with a stop projecting in 
the longitudinal direction, it is possible to accommo- 
date one-dimensional, two-dimensional, no-back- 
bend, three-dimensional and other motions, while in- 
creasing the slipping-off load of the links. 

The invention has the following objects: 

(1) To provide a flexible supporting sheath for 
cables and the like which can be smoothly bent in 
any direction, so that it may easily follow the 
movable parts of robots and other automatic ma- 
chines. 

(2) To accommodate ail movements of factory au- 
tomation equipment designed for unmanned opera- 
tion in the factory in response to the needs of re- 
cent industrial technology, and to make improved 
utilization of the flexible supporting sheaths for ca- 
bles and the (ike. 

(3) To provide a closed and dust-proof sheath 
structure which is resistant to the entry of foreign 
materials from outside the structure and in which 
the cables, hose and the like within the sheath are 
protected in a superior manner. 

(4) To conceal the cables, hoses and the like from 
view and to provide a sheath having an aesthetical- 
ly pleasing other appearance. 

(5) To provide a flexible supporting sheath having 
a predetermined minimum bending radius. 

(6) To provide a flexible supporting sheath in 
which internal cables, hoses and the like are stored 
in a compact form. 

(7) To provide a flexible supporting sheath which 
is light in weight and does not generate sound when 
used. 

(8) To provide a flexible supporting sheath having 
a minimum number of different component parts so 
that ft can be economically mass-produced. 

(9) To provide a flexible supporting sheath in 
which the links can easily be connected and their as- 
sembly can easily be performed, and the length of 
which can be changed easily by adding or removing 
links. 

(10) To provide for various operating conditions 


by the choice of thickness, shape, inserting posi- 
tion and the like, of spacers inserted between the 
links. 

(11) To produce a compact installation of the 
5 sheath, improve its outer appearance and in- 
creases the safety of operation by using spacers 
between links to restrict the movement of the 
sheath. 

(12) To facilitate adjustment, restrict the move- 
10 ment of, and stabilize the sheath unit whDe Its entire 

movement is being confirmed, by the insertion or re- 
moval of spacers on site. 

(13) To make fluid or electrical connections be- 
tween one stationary or movable part and a plurality 

15 of movable parts, or between one movable part and 
a plurality of stationary or movable parts, while 
maintaining electrical and fluid conductors in a com- 
pact form. 

(14) To increase the lateral rigidity of a flexible 
20 connection by providing multiple interconnected 

parallel sheaths. 

(15) To accommodate a wide variety of multiple- 
branch applications by providing links of various 
shapes such as L-shape, T-shape, Y-shape, cross- 

25 shape and others. 

(16) To provide additional support for a flexible 
supporting sheath by utilizing a branched part of 
the sheath to support part of the sheath by sus- 
pending it, for example, from the main body of a ma- 

30 chine. 

(17) To provide a flexible multiple-link supporting 
sheath having an improved sealing structure resist- 
ant to penetration of cutting coolants, water, oils or 
the like from the exterior, while maintaining the fea- 

35 ture of the flexible sheath that it can be three-dimen- 
sionally bent in arbitrary directions. 

(18) To make it easy to make connections of a 
sheath to fixed or movable machine element on site. 

(19) To make it possible to remove and replace in- 
40 dividual links conveniently in making repairs or ad- 
justments. 

(20) To make it easy to make connections of a 
sheath to .fixed or movable machine element on site. 

(21) To provide for simpler and more economical 
45 manufacture of molded links by utilizing a split link 

structure, thereby making it easier to eject the link 
parts from the mold and increasing the useful life of 
the mold. 

(22) To provide for increased slipping-off load in 
50 a flexible multiple-link sheath having spherical mat- 
ing elements, and to make it possible to mold link ele- 
ments of various different designs economically. 

(23) To limit the directions in which the links of a 
flexible supporting sheath can be articulated by 

55 means of Insertabie pins or specially shaped spac- 
ers, thereby insuring stability of the sheath and re- 
stricting its path of movement, as required under 
various operating conditions. 

(24) To increase the tensile strength of the 
60 sheath by means of inserted pins. 

(25) To Gmit the freedom of movement of articulat- 
ing links In various ways by means of interengaging 
pins and slots or grooves so that different sheath 
characteristics can be achieved by constructing a 

65 cable from a series of identical Onks, or from a se- 
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ries of links some of which are different from the 
others. 

Brief description of the Drawings 

Fig. 1 is an elevational view showing a conven- 
tional flexible supporting sheath for cables and the 
like; 

Rg. 2 is an axial section through a part of the 
sheath of Rg. 1; 

Rg. 3 is a schematic view showing a typical appli- 
cation of the flexible supporting sheath of Rg. 1 ; 

Rg. 4 is an elevational view showing a first em- 
bodiment of the invention; 

Rg. 5 Is an axial section through part of the 
sheath of Rg. 4; 

Rg. 6 is an axial section showing a second em- 
bodiment of the invention; 

Rg. 7 is an axial section showing a third embodi- 
ment of the invention in which spacers are used to 
limit articulation of the links of the sheath; 

Rg. 8A is a perspective view showing one form 
of spacer usable in the embodiment of Fig. 7; 

Rg. 8B is a perspective view showing another 
form of spacer usable in the embodiment of Rg. 7; 

Rg. 9 is a schematic view of a sheath connected 
between two relatively movable machine elements, 
in which spacers are used to limit articulation of 
parts of the sheath; 

Rg. 10 is an elevational view showing an embodi- 
ment of the invention in which the sheath is 
branched; 

Rg. 11 is an axial section showing details of the 
branching link of Rg. 10; 

Rg. 12 is an axial section showing details of an al- 
ternative branched sheath; 

Rg. 13 is an axial section showing details of a fur- 
ther alternative branched sheath; 

Rg. 14 is a front elevational view for showing a 
pair of supporting sheaths extending in parallel and 
interconnected by branches; 

Rg. 15 is a side elevation of the sheaths of Rg. 
14; 

Rgs. 16 through 20 are fragmentary side 
elevations, partly in section, showing several al- 
ternative forms of seals for the interconnected 
spherical surfaces of links in accordance with the 
invention; 

Rgs. 21A-21F are respectively a front elevation, 
right side elevation, left side elevation, top plan, 
bottom plan and rear elevation of one half of an axi- 
ally split link consisting of two identical parts; 

Rg. 22 is a front elevation showing, in assembled 
condition, a link consisting of two of the halves as 
shown in Rgs. 21A-21F; 

Rg. 23A-23F are respectively a front elevation, 
right side elevation, left side elevation, top plan, 
bottom plan and rear elevation of one half of an al- 
ternative axially split link consisting of two identical 
parts; 

Rg. 24 is a front elevation showing, in assembled 
condition, a link consisting of two of the halves as 
shown In Rgs. 23A-23F; 

Rgs. 25A-25F are respectively a front eleva- 
tion, right side elevation, left side elevation, top 
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plan, bottom plan and rear elevation of an axially 
spDt link consisting of two parts connected by a 
hinge; 

Rg. 26 is a front elevation showing the split link 
5 of Rgs. 25A-25F in assembled condition; 

Rgs. 27A-27F are respectively a front eleva- 
tion, right side elevation, left side elevation, top 
plan, bottom plan and rear elevation of an alterna- 
tive axially split link consisting of two parts connect- 
10 ed by a hinge; 

Rg. 28 is a front elevation showing the split link 
of Rgs. 27A-27F in assembled condition; 

Rg. 29 is an exploded perspective view of an 
alternative form of link element in accordance wfth 
15 the invention having articulation restraining pins 
cooperating with transverse holes bored through 
the spherical mating surfaces of the link element; 

Rg. 30 is a side elevation of a portion of a sheath 
made up of links of the type shown in Rg. 29; 
20 Rg. 31 is an axial section through the sheath of 
Rg. 30; 

Rg. 32 is a side elevation of a sheath in accord- 
ance with the invention having articulation restrain- 
ing spacers; 

25 Rg. 33 is an axial section through the sheath of 
Rg.32; 

Rg. 34 is a side elevation of a section of sheath 
in accordance with the invention using another form 
of articulation restraining spacer; 
30 Rg. 35 is an axial section through the sheath of 
Rg. 34; 

Rg. 36 is a perspective view of one form of arti- 
culation restraining spacer; 

Rg. 37 is a perspective view of another form of 
35 articulation restraining spacer; 

Rg. 38 is a top plan view of a sheath in accord- 
ance with the invention having still another form of 
articulation restraining spacer; 

Rg. 39 is a front elevation, partly in section, of 
40 the sheath of Rg. 38; 

Rg. 40 is a perspective of one form of articula- 
tion restraining spacer, as used in the sheath of 
Rgs. 38 and 39; 

Rg. 41 is a perspective view of another form of 
45 articulation restraining spacer as used m Rgs. 38 
and 39; 

Rg. 42 Is a top plan view of another sheath in ac- 
cordance with the invention having articulation re- 
straining spacers; 

50 Rg. 43 is a side elevation, partly in section, 
showing the sheath of Rg. 42; 

Rg. 44 is a perspective view of one form of ar- 
ticulation restraining spacer as used in the sheath 
of Rgs. 42 and 43; 

55 Rg. 45 is a perspective view of another form of 
articulation restraining spacer as used in the 
sheath of Rgs. 42 and 43; 

Rg. 46 is an elevational view of a portion of a 
sheath in accordance with the Invention, in which 

60 the convex spherical surfaces of the Onks have re- 
cesses; 

Rgs. 47A and 47B are respectively front and 
right side elevational views of one link of the sheath 
of Rg. 46; 

65 Rg. 48 is an elevational view of a sheath in ac- 
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cordance with the invention in which the convex 
spherical fink surfaces are provided with recesses, 
while the concave spherical surfaces have projec- 
tions; 

Figs. 49A, 49B and 49C are respectively front, 5 
right side and left side eievational views of a link 
from the sheath of Fig. 48; 

Rg. 50 is an elevation of a portion of a sheath in 
accordance with the invention in which the links 
have projections and recesses as in Rg. 48, and in 10 
which the finks also have stopping surfaces for pre- 
venting reverse bending of the sheath; 

Rgs. 51 A, 51 B and 51 C are respectively front, 
right side and left side eievational views of the 
sheath of Rg. 50; 15 

Rg. 52 is an eievational view of a portion of a 
sheath in accordance with the invention which is 
non-articulating, but which can be mated with articu- 
lating links; 

Rgs. 53A and 53B are respectively front eleva- 20 
tional and right side eievational views of a link from 
the sheath of Rg. 52; 

Rg. 54 is an eievational view of another embodi- 
ment of a sheath in accordance with the invention in 
which the concave spherical surfaces have inward 25 
projections, and in which the convex spherical sur- 
faces have rectangular slots permitting both limited 
articulation and rotation; 

Rgs. 55A, 55B and 55C are respectively front, 
right side and left side eievational views of a link 30 
from the sheath of Rg. 54; 

Rg. 56 is an eievational view of a sheath in ac- 
cordance with the invention in which the concave 
spherical surfaces have inward projections, and in 
which the convex spherical surfaces have elongat- 35 
ed articulation limiting slots; 

Rgs. 57A, 57B and 57C are respectively front, 
right side and left side eievational views of a fink 
from the sheath of Rg. 56; 

Rg. 58 is an eievational view of a sheath in which 40 
the concave spherical surfaces have inward pro- 
jections, and in which the convex spherical surfac- 
es have elongated slots positioned to allow two di- 
mensional articulation, but to prevent reverse bend- 
ing; 45 

Rgs. 59A, 59B and 59C are respectively front, 
right side and left side elevations of a (ink from the 
sheath of Rg. 58; 

Rg. 60 is an eievational view of a portion of a 
sheath in accordance with the invention in which the 50 
concave spherical surfaces have inward projec- 
tions mating with recesses in the convex spherical 
surfaces in such a way as to prevent articulation al- 
together; 

Rgs. 61 A, 61 B and 61C are respectively front, 55 
right side and left side elevations of a link from the 
sheath of Rg. 60; 

Rgs. 62A, 62B, 62C, 62D and 62E are respec- 
tively front right side and left side elevations, and 
top and bottom plan views of a link in which the con- 60 
cave spherical surface has opposed inward projec- 
tions, and in which the convex spherical surface 
has a plurality of alternatively usable recesses of 
different shapes; 

Rgs. 63A and 63b are enlarged schematic views 65 


showing additional details of a typical projection and 
recess respectively; 

Rg. 64 is a schematic view showing the relation- 
ship between a rectangular recess and a projection; 

Fig. 65 is a schematic view showing the relation- 
ship between an elongated recess and a projection; 

Rg. 66 is a schematic view showing the relation- 
ships between the elongated recesses and projec- 
tions of the Dnks in Rg. 58, in which reverse bend- 
ing is prevented; and 

Rg. 67 is a fragmentary eievational view of a link 
having a complex form of slot 


Detailed Description 

The conventional flexible supporting sheath, as 
shown In Rgs. 1 and 2, comprises a series of hollow 
inner frames 2, adjacent frames being connected by 
surrounding pieces 3. The sheath encloses, sup- 
ports and guides a cable 4 having a fixed end and a 
moving end, allowing the cable to be flexed repeat- 
edly within a specified range of movement Each of 
frames 2 has two grooves of specified width ar- 
ranged in uniformly spaced relationship. The sur- 
rounding pieces 3 have flanges which fit into the 
grooves. Each of the inner frames in the sheath 
has surrounding pieces at both of its ends so as to 
make one united assembly. Coupling elements are 
connected to the surrounding pieces at the ends of 
the sheath for connecting the ends of the sheath to 
relatively movable machine parts. 

The conventional flexible supporting sheath of 
Rgs. 1 and 2 is capable of bending in a plane, and 
thus adapted for use with a linearly moving body as 
in Rg. 3. It is not suitable for use, however, with a 
robot capable of universal movement. 

The sheath of the present invention is character- 
ized by interfttted inner spherical concave surfac- 
es and outer spherical convex surfaces. Various 
provisions may be made in accordance with the in- 
vention for restricting articulation of the links. How- 
ever, unless such restricting provisions are 
present the links allow the sheath to be bent freely 
in any direction within a limited range. The links them- 
selves include stop means for limiting the articula- 
tion of joined links beyond a specified angle, there- 
by establishing a minimum bending radius. 

When one of the Gnks reaches a bending limit rel- 
ative to an adjacent link, a next link in the series 
bends in sequence, resulting in the formation of a 
specified bending radius. Since each of the links in 
the series can be bent In any direction, the sheath 
may be bent in a three dimensional pattern while the 
specified bending radius is maintained. 

A spacer may be inserted into spacers between 
the links of the sheath where bending is not re- 
quired. 

In Rgs. 4 and 5 a flexible supporting sheath 5 
comprises a series of interfitted hollow finks 6, hav- 
ing spherical convex and concave surfaces at their 
right and left ends respectively. The ends of the 
supporting sheath 5 are provided respectively with 
flanged couplings 7 and 8. Coupling 7 has a spheri- 
cal convex surface, while flange 8 has a spherical 
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concave surface. 

Link 6 has an offset shape in which an inner 
spherical concave surface 10 is formed within a cyl- 
inder 9 at its large diameter end, and in which a pro- 
jection 12 of smaller diameter has an outer spherical 5 
convex surface 11. The link has a longitudinal cylin- 
drical hole 13 having a smaller diameter than that of 
each of said spherical surfaces. Each of the (inks 
is inserted into an adjoining link by engagement of 
their spherical concave and convex surfaces. 10 
Each of the links is fitted to its adjoining fink so that 
they can articulate smoothly through an angle e 
from aligned relationship with an adjoining link. 
When one link is rotated through an angle e from an 
aligned relationship with an adjacent link, contact 15 
takes place at surface 14 or at surface 15. These 
surfaces serve as stop surfaces to limit articula- 
tion of adjoining links to a maximum angle e. 

The inner surfaces of links 6 are finished smooth- 
ly so as not to damage the cable 4, hose or the like 20 
extending through the sheath. For the same reason 
the corners capable of contacting the cable are 
chamfered. As the relatively movable machine ele- 
ments connected by the sheath are moved, and 
each Dnk 6 is rotated through an angle 6, the adjoin- 25 
ing link 6 is rotated in sequence. The sheath there- 
fore bends to a specified bending radius. Since 
each of the links 6 can be rotated through an angle 
8 in any direction at its spherical surface, it is possi- 
ble to bend the sheath in a three-dimensional man- 30 
ner while maintaining a specified bending radius. 

One way to connect the links to each other is by 
thermal expansion. To connect links 6 to each other, 
their spherical concave surfaces are immersed in 
water at a temperature preferably from 70°C to 35 
100°C to produce a local expansion of the diameter 
of the concave surface. The spherical convex part 
of the adjoining link is then inserted into the con- 
cave part and the concave part is allowed to con- 
tract 40 

In the second embodiment of the invention, as 
shown in Fig. 6, a flexible supporting sheath 16 com- 
prises articulating links, each link comprising a pair 
of outer and inner link elements. Hollow outer link el- 
ements 18, having inner spherical concave surfac- 45 
es 17 at both ends, and hoflow inner link elements 20, 
having spherical convex surfaces 19 at both ends 
are connected alternately . The inner link element 20 
has a central ring-fike projection 21, serving as a 
stop for limiting a rotation of the right and (eft adjoin- 50 
mg outer link elements 18 to a specified angle. The 
convex and concave surfaces are fitted to each 
other so that, when the flexible supporting sheath 16 
is bent, each of the link elements articulates smooth- 
ly relative to its adjoining link elements. When the 55 
link element is rotated through a specified angle rel- 
ative to an adjacent link element, contact takes 
place at surface 22, or at surface 23, or at both 
surfaces, to limit articulation of the link elements. 
The inner cylindrical surfaces of the inner link ele- 60 
ment 20 and of the outer (ink element 18 are finished 
smoothly and comers capable of contacting the ca- 
ble are chamfered so as not to cause damage to the 
cable. 

In Fig. 7 a ring-like spacer 24 is inserted into a 65 


flexible supporting sheath 5' and the like comprising 
a series of interconnected offset-type links. 

When it is desired to prohibit the bending of the 
flexible sheath 5\ a spacer 25 as shown in Fig. 8 is 
inserted into the end part of the spherical convex 
surface 11 of the link 6. Of course, the inserting 
point may be an end part of the spherical concave 
surface 10 of the adjoining link 6. 

When it is desired to modify the bending radius of 
the flexible supporting means 5' of the preferred em- 
bodiment, an appropriate thickness for spacer 25 Is 
selected, or only one spacer is inserted for every 
several links. Further, when it is desired to maintain 
and fix a specified bending radius, a tapered spacer 
26 as shown in Fig. 6B may be used. 

Fig. 9 shows a sheath in which spacers are in- 
serted at portion 29 of the sheath near the fixed ma- 
chine part 27 and at portion 30 of the sheath near 
the moving part 28 of the machine. Only the central 
part 31 of the sheath bends. The moving machine 
part 28 can move In any direction. The flexible sup- 
porting sheath 5' is partially restricted against bend- 
ing both ends. This limits the bending of the sheath, 
and is one way to prevent reverse bending. 

The embodiment of the invention shown in Figs. 10 
and 1 1 comprises a branched sheath 32. The sheath, 
for the most part, comprises conventional links 33 
similar to those depicted in Figs. 4 and 5. Ranged 
couplings 34 and 35 are similar to coupling 8 in Fig. 
4. Ranged coupling 36 is similar to coupling 7 in Rg. 
4. A T-shaped link 37, inserted along the main sec- 
tion of the sheath, allows the connection of a 
branch to an intermediate location on the main sec- 
tion. 

The T-shaped link 37, as shown in Rg. 11, has 
three openings, one having a spherical concave 
surface, and the other two having spherical convex 
surfaces. The concave surface 38 fits the convex 
surface 39 of adjoining link 33 in such a way as to al- 
low articulation of links 33 and 37 in the same man- 
ner as described with reference to Rgs. 4 and 5. 
Convex surfaces 40 and 41 fit concave surfaces 
of links of main sheath section and branch respec- 
tively. 

The flexible supporting sheath of this embodiment 
can be branched at any location by means of the T- 
shaped link 37, and at the same time it may be bent in 
any direction. 

Rg. 12 shows an embodiment of the present in- 
vention which has a divisible Y-shaped link 42 con- 
nected to (inks 43 and 44 of a main sheath section. 
A branch can be connected to convex spherical 
part 45. 

Rg. 13 shows an embodiment of the invention 
which has a multi-directed branch link 46 connecta- 
ble to a large diameter link 47 and to several smaller 
diameter links 48, 49 and 50, each of which is a first 
link in a separate branch. 

Rgs. 14 and 15 show an embodiment of the inven- 
tion in which two parallel sheaths 51 and 52 are inter- 
connected at flexible supporting means for cable 
and the (Ike to have one or more locations by means 
of T- or L-shaped links 53 and 54. 

The links of the sheath may be provided with one 
or more of a plurality of alternative sealing struo- 
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tures as depicted in Figs. 16-20. 

Fig. 16 shows a sealing structure wherein, of a 
concave spherical surface 56 and a convex spheri- 
cal surface 57, the convex spherical surface is pro- 
vided with a groove 58, in which an annular O-ring 
seal 59 is placed. 

Fig. 17 shows a sealing structure which is similar 
to that shown in Fig. 16 except that projecting ribs 61 
and 62 are provided on both sides of the annular 
seal 63 to prevent the seal 63 from slipping off the 
spherical surface when the links are articulated, tn 
addition, a waterproofing effect is achieved by the 
projecting ribs. 

Fig. 18 shows a sealing structure in which a flexi- 
ble belt seal 65 is externally fitted to the gap formed 
between the links thereby providing a waterproof- 
ing effect The belt is provided with ribs 67 and 68, 
which fit into grooves formed in the outer surface 
of the links. 

Next, Fig. 19 shows a sealing structure in which 
flexible annular seals 70 and 71 are fitted respec- 
tively into the outer and inner gaps formed between 
the links in the axial direction, resulting in a water- 
proof structure. These annular seals can be used 
together or alternatively. They are inserted at the 
time the links are connected together. If the seal is 
compressed when it is installed, a sealing effect can 
be achieved even when the sheath is articulated, 
provided that the degree of bending of the links is 
not too great. 

Finally, Fig. 20 shows a sealing structure not us- 
ing flexible seals, in which annular rib-like projec- 
tions 73 and 74 are provided on the convex spheri- 
cal surface 75 and are closely fitted to the concave 
spherical surface 76, thereby reducing the area of 
contact of the concave and convex spherical sur- 
faces to permit smooth articulation while achieving a 
waterproof structure. In this case, the gap is set to 
be substantially zero. A close fit is insured, pre- 
venting penetration of water or the like from the ex- 
terior. The annular projections instead of being on 
the convex spherical surface, may be provided on 
the concave spherical surface 76. 

The shapes of the links shown in Figs. 16-20 are 
merely specified examples, and a variety of modifi- 
cations can be made, as described with reference 
to the other embodiments mentioned above. 

The need for immersion of the concave parts of 
the links in hot water during assembly can be avoid- 
ed by the adoption of one of the structures depicted 
in Figs. 21A-28. 

First, Rgs. 21A-F and 22 illustrate a link consist- 
ing of two identical halves 78 and 78'. 

The half link 78 has longitudinal faying surfaces 
80 and 81 seen in Fig. 21 E For engagement of the 
larger diameter parts, faying surface 80 has a 
tongue 82 projecting in the circumferential direc- 
tion, while surface 81 has a recessed groove 83 to 
engage with the tongue of a mating half link. On the 
small diameter part, surface 80 has a projection 84, 
while surface 81 has a recessed groove 85. Two 
half Hnks are arranged to face each other, and 
snapped together, as shown in Fig. 22. Fig. 22 
shows tongue 82 fitting into recessed groove 83'. 

The coupled half links can be easily disconnected 


by inserting the tip of a screwdriver into a groove 
83\ disconnecting tongue 82 from groove 83', and 
forcing the links apart 
Figs. 23A-F and 24 show another example of 

5 identical link halves which snap together. 

In this example, snap-in type connection is accom- 
plished by ball-like projections 86 and holes 87. In 
other respects, the structure of the link Is the same 
as that in Rgs. 21A-F. Disconnection of the cou- 

10 pled half finks is effected by inserting a screwdriv- 
er in a groove 88 and turning to force the finks 
apart 

The couplings 7 and 8 in Rg. 4 can be embodied in 
split form, all their halves can be connected togeth- 

15 er by balls and holes in a manner similar to what is 
depicted in Rg. 24. 

Next Rgs. 25A-F and 26 show a unitary link 
formed by integrally molding two half links similar to 
those shown in Rgs. 21 A-F and 22. 

20 In this structure, the half links 90 and 91, as 
shown in Rg. 25B, are connected by a bendable, 
integrally molded, thin wall hinge 92. The large 
diameter part of the half link 90 has a tongue 93 
while half link 91 has only a recessed groove 94. 

25 The small diameter parts have engageable tongues 
95 and grooves 96 similar to those in Rgs. 21 C and 
21 E. 

Rgs. 27A-F and 28 show a link structure in which 
two half links are integrally molded together through 

30 a thin wall hinge 98. The faying surfaces are en- 
gaged to each other through projections 99 and 
holes 100 in the same manner as in Rg. 24. Again, a 
slot 101 is provided for insertion of a screwdriver or 
similar prying tool to disconnect the two link halves. 

35 The specific shapes of the links shown above are 
mere examples, and modifications can be made, for 
example as shown in the other examples. Various al- 
ternative snap connections can be used. 
Rg. 29 shows a link element 102 and pins 103 for 

40 interconnecting the links. Link element 1 02 has an in- 
ner concave spherical surface 104 (Rg. 31) on one 
end and an outer convex spherical surface 105 on 
the other end. Radial holes 106 and 107 are arranged 
symmetrically in vertical and horizontal directions 

45 intersecting the centerline of the fink. There may be 
more or fewer of such holes, but in the case shown, 
there are four holes in the convex part of the link 
and four holes in the concave part 
Rgs. 30 and 31 show the condition wherein the 

50 pins 1 03 are Inserted Into interconnected links 1 02. 
The pins 103 are press fit tightly in the holes of 
the larger diameter parts 108 of the links and fit 
loosely in holes in the smaller diameter part 109. 
The lengths of the pins 103 are such that the pins 

55 do not protrude from the inside surfaces of the 
smaller diameter parts 109. 

When the pins 103 are engaged with an adjacent 
pair of Gnks at all four locations, the links 103 can- 
not be articulated and are self-supporting. 

60 When the pins 103 are engaged with an adjacent 
pair of links at two symmetrically opposed locations, 
the links can be articulated in only one direction, so 
that a flexible sheath capable of two-dimensional 
movement is realized. In this case, since the pins 

65 are located on the bending axis, smooth articulation 
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takes place. The tensile load of the links is also in- 
creased. Of course, the joint is flexible in ail direc- 
tions where no pin 103 is inserted. Using links with 
holes as shown in Fig. 29, a given sheath can be 
constructed with a wide variety of bending charac- 
teristics by an appropriate choice of pins. 

The Gnks may be configured with stop surfaces 
so that a gap w as shown in Fig. 2 remains even 
when the adjacent links are bent to the maximum de- 
gree. This way the possible nipping of a finger, or 
damaging a machine part, tool or the like by pinch- 
ing, can be avoided. 

Rgs. 32 and 33 show a sheath wherein the links 
111 have arcuate spacers 1 12 and 1 13. As shown in 
Fig. 36 spacer 112 has a gap in its circumference, 
and has arms with opposed inwardly extending pins 
114. These pins extend into radial holes in the mating 
spherical parts and help to hold the links together. 

The spacer 1 12 is for use in the case where the 
links are to be secured together in a line. 

The spacer 113 is a tapered link for use in the 
case where links are to be secured together at a 
fixed radius of curvature. 

Rgs. 34 and 35 show links 115 having spacers 1 1 6 
semi-arcuate in shape and having opposed inwardly 
extending pins 1 17, a perspective view of the spacer 
35 being shown in Rg. 37. 

With the spacers 35 inserted, a flexible support 
Incapable of reverse bending is achieved. That is, 
the links can be bent in one direction but not in the 
opposite direction. 

Since the pins 117 are inserted in the holes of the 
larger diameter part 118 as shown in Rg. 34 the 
spacer 116 moves together with the link and along 
the spherical outer surface of a small diameter part 
1 19 when the links are bent. 

The spacer of Rg. 37 has both a stopping func- 
tion and a pin function, can be easily inserted into 
the link, and can be set at any chosen location along 
a sheath where the reinforcing property of the pins 
or the restricting property of the spacer is desired. 
The spacer 116 is loosely fitted to the outer spheri- 
cal surface of the small diameter part and the adja- 
cent links are interconnected by pins 1 17, so that the 
strength of the flexible sheath is increased. 

When the width of the spacers shown in Rgs. 36 
and 37 is varied or the spacers are tapered, struc- 
tures capable of maintaining various radii of bend- 
ing can be obtained. 

In Rgs. 38 and 39 spacers 122 and 123 shown in 
Rgs. 40 and 41 are engaged, respectively in a 
sheath. 

Pins 124 shown in Rg. 38 are engaged on both 
sides of each link, and the link element is provided 
in its outside surface with one or more grooves 125 
into which a tongue 1 26 or 1 27, provided on the spac- 
er, is press fit and fastened. Each of the spacers 
122 and 123 is provided on its one side with the 
tongue conforming to groove 125, and is fastened 
by press fitting or snap connection of the tongue 
and the link element 

Although in the above description pins 124 are re- 
quired in the case of two-dimensional bending, pins 
124 may be omitted where other means for prevent- 
ing relative rotation of the adjacent links is provid- 


ed. Such a means is shown in Rgs. 42 to 45. 

Spacers 130 and 131 are each provided with 
tongues on both sides of the circumference 
thereof. In the case of spacer 130, tongue 135 
engages a groove 136 while tongue 137 engages a 
groove 138. The spacer holds the two adjacent links 
against articulation, while the tongues prevent 
relative rotation of the links about the axis of the 
sheath. 

Tongue 132 of spacer 131 is tightiy fitted (e.g. 
snap-connected) to the link body, and is fastened to 
the link. On the other hand, tongue 133 has a length 
sufficient to permit the concave spherical inner sur- 
face of the mating link to move to a maximum bending 
angle. Tongue 133 is engaged with, and capable of 
smoothly moving in, a groove 134 cut out in the mat- 
ing link. With this construction, the links are pre- 
vented from rotating relative to each other, and 
with spacers 131 in use, the flexible sheath can be 
bent only in a two-dimensional manner and without 
back bending. 

The structure shown in Rgs. 29-45 provides a 
flexible support capable of stably following up any 
kind of movement by using basic common finks while 
making various modifications in the performance of 
the links by means of pins or spacers which are en- 
gaged to the links. For the flexible sheath as a 
whole, a construction permitting non-dimensional, 
two-dimensional or three-dimensional movement can 
be freely selected at any desired position along the 
length of the sheath, and the sheath can be flexibly 
adapted to the robot on other machine with which it 
is to be used. 

The shape of the links shown in Rgs. 29-45 is 
merely an example, and a variety of modifications 
can be made, such as described above with refer- 
ence to other examples. 

When links 140, shown in Rgs. 46, 47A and 47B, 
are interconnected, the links can be articulated 
three-dimensionally in arbitrary directions to the ex- 
tent of a fixed minimum bending radius. In addition, 
the links can be rotated relative to each other. 

The link 140 is provided with an opposed pair of 
recesses 141 in a convex spherical surface 142, for 
engagement with any of a variety of links shown in 
Rgs. 48-53B. 

When the links 143 shown in Rgs. 48, 49A, 49B 
and 49C are interconnected, the links can be articu- 
lated in one direction, and the sheath is two-dimen- 
sionaily flexible in the vertical direction as viewed in 
Rg. 48 to a fixed bending radius. Bending takes 
place on an axis through the center of the mating 
concave and convex spherical surfaces. Links can- 
not be rotated relative to each other. 

Each link 143 is provided with an opposed pair of 
projections 145 located along a line through the cen- 
tral axis if the link on concave spherical surface 
147. Each link also has an opposed pair of recesses 
148 at symmetrica] positions along a line through the 
central axis of the link on convex spherical surface 
149. When the links 56 are interconnected, the pro- 
jections 145 are loosely fitted in the recesses 148. 
The diameters of the projections 145 are small 
enough, as compared with the diameters of the re- 
cesses 148, to permit easy bending, and the tip of 
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each projection is so sized as to touch the mating 
convex spherical surface lightly. 

As for the head profile of projection 145, as 
shown in Fig. 63A, the head is chamfered at 150 in a 
tapered form on the insertion side over about one- 
half the width of the projection, to produce a semi- 
circular chamfered surface. On the other hand, the 
recess 148 is provided with a tapered guide surface 
152 for insuring easy guiding of projection 145 from 
the end face to the recess, as shown in Fig. 63B. 
This structure facilitates the insertion of the projec- 
tion and the connection of the links. 

When links 154 shown in Figs. 50, 51 A, 51 B and 
51 C are interconnected, the links can be bent in one 
direction on an opposed pair of projections 155 at 
the bending axis, but cannot be bent in the opposite 
direction. The links 66 cannot be rotated relative to 
each other. 

Link 154 differs from link 143 in that the large di- 
ameter part 157 of Dnk 154 has a stop 158 projecting 
in the longitudinal direction for inhibiting bending be- 
tween the links. Stop 158 extends over a circumfer- 
ential angular range of about 180° and produces a 
"no back bend" structure in which bending m one di- 
rection is permitted, but bending in the opposite di- 
rection is prevented. By changing the width of the 
stop 158, a structure capable of allowing back bend 
having any desired limit can be obtained. 

In the other structural respects, the link 154 is 
the same as the link 143. 

When links 160 shown in Figs. 52, 53A and 53B 
are interconnected, a sheath section not bendable 
in any direction can be obtained. 

As compared to the link 158, link 160 may be de- 
scribed as one in which a stop 162 projecting in the 
longitudinal direction is provided over the entire cir- 
cumference of the large diameter part 164 whereby 
no gap is left between the adjacent links. Recesses 
166 are provided for engagement with the projec- 
tions of other links. 

Links 140, 143, 154 and 160 may be interconnect- 
ed in desired combinations to stabilize the moving 
paths of the sheath so produced to permit three-di- 
mensional motion and rotation and to achieve vari- 
ous desirable sheath characteristics. 

Figs. 54 to 62E show assembly views and elemen- 
tal views of links constituting another group of ex- 
amples of the invention. 

When links 167 shown in Figs. 54, 55A, 55B and 
55C are interconnected, the links can be bent to a 
fixed radius of bend in an arbitrary direction. 

The adjacent links 167 can be rotated about the 
sheath axis to a limiting angle e relative to each 
other, so that the number of links required for a 
360° rotation of the entire body of interconnected 
links is 360/0°. 

The concave spherical surface 169 is provided at 
its inner part with an opposed pair of projections 170 
at positions angularly shifted 90° from the bending 
axis, while the convex spherical surface 172 is pro- 
vided at its outer surface with substantially rectan- 
gular recesses 173. 

The action obtained through the engagement of 
projection 170 and the recess 173 is explained by re- 
ferring to Fig. 64 as follows: when the projection 


170 makes a movement from a to b, the links are bent 
through an angle o° (see Fig. 54). 

In addition, when the projection 170 makes a 
movement from c to d or e to f in the recess 173, 

5 each link can perform a rotation through an angle e 
(see Fig. 55B). 

When links 180 shown in Figs. 56, 57A, 57B and 
57C are interconnected, the links can be bent in one 
direction (the vertical direction in Fig. 11) to a fixed 

10 bending radius but the links cannot be rotated rela- 
tive to each other. 

The link 180 is provided, at an outer part of its 
convex spherical surface 182, with a pair of recess- 
es in the form of slots 183 at symmetrical positions 

15 such that the recesses 183 can be engaged with 
symmetrically opposed projections 185. As shown In 
Fig. 65, when the projection 185 makes a movement 
from a to b in the mating recess, the links can be 
bent through an angle 2. 

20 Link 180 differs from the link 167 in the shape of 
the recesses. 

When links 190 shown in Figs. 58, 59A, 59B and 
59C are interconnected, the resultant link body has 
a "no-back-bend* structure which can be bent in 

25 one direction but not in the opposite direction. 

One of a pair of recesses 191 is a slot extending 
to the left from a neutral line, while the other is a slot 
extending to the right from the neutral line. When a 
pair of projections 1 92 make a movement from a to b, 

30 as shown in Fig. 66, the links 190 can be bent to a 
predetermined limiting angle relative to each other. 
The lengths Li and U are equal, but by varying the 
length, any desired bending fixed radius limit can be 
achieved. Link 190 differs from the links 167 and 

35 180, only in the shape and location of the recesses. 
When links 192 shown in Figs. 60, 61 A, 61 B and 
61 C are interconnected, a non-bendable, self-sup- 
porting sheath section is formed. 
Concave spherical surface 194 is provided at 

40 two pairs of opposed projections 196. Convex sphe- 
rical surface 197 is provided at Hs outer part with 
four round recesses 198 at positions suitable for 
engagement with the projections 196. (Of course, 
three, or more than four projections and a corre- 

45 sponding number of recesses can be provided.) 

When the links 192 are interconnected, the four 
projections and the four round recesses are snugly 
engaged to each other, so that the links cannot be 
moved in the longitudinal or the transverse direc- 

50 tion relative to each other, and a self-supporting 
property is achieved. 

Projections on link 192 are removed by cutting or 
the like while leaving one opposed pair of projec- 
tions, so that link 192 can be coupled to a link corre- 

55 sponding to Dnks 167, 180 or 1 90. 

To facilitate insertion of the projections into the 
recesses, (inks 160, 167, 180 or 192 mentioned above 
can be provided with the same Insertion facilitating 
structure as shown in Figs. 63A and 63B. 

60 Figs. 62A, 62B V 62C, 62D and 62E show a link 
200 which has all the characteristic features of 
links 167, 180, 190 and 192. 
This link is characterized in that the same basic 
. link can be used in various ways for one-dimen- 

65 sional, two-dimensional and three-dimensional 
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motions. 

Four pairs of opposed recesses are provided on 
the convex spherical surface. The shapes of re- 
cesses are different for different pairs. 

Round holes 202 are provided for one-dimension- 
al use. Slots 204 are provided for two-dimensional 
use. Two-dimensional slots 206 are provided for no- 
back-bend use. Rectangular recesses 208 are pro- 
vided for three-dimensional use. 

When the projections of a link are inserted in the 
recesses of the mating link which have respective 
characteristic features, the movable range of the 
projections is restricted, and link motions conform- 
ing to the desired purpose can be performed. 

The links are interchangeable and can be inter- 
connected as desired. Therefore, recoupling of the 
links to conform to a given purpose can be easily 
carried out in situ. 

In addition, the tips of the projections are so set 
as to touch the bottoms of the recesses lightly in a 
loose fitting manner. Articulation of the links there- 
fore takes place smoothly. Since the projections 
are inserted and engaged in recesses, the links are 
resistant to slipping apart under load. 

Links 200 can be used in a one-dimensional man- 
ner by insertion of an annular spacer between adja- 
cent links, and providing at least one projection 
(pin) in addition to the opposed pair of projections 
210 (Rg. 62C) by driving the pin or pins into a drilled 
hole or holes. However, the links 200 as they are 
can cope with two-dimensional and three-dimension- 
al motions. 

In order to change the characteristics of the en- 
gaged links by rotating the links, passages 212 may 
be provided conforming to the widths of the projec- 
tions so that the projections can be moved between 
the recesses. With this arrangement, each projec- 
tion engaged with a given recess can be easily en- 
gaged to another recess suitable for the purpose, 
by slightly rotating the links while maintaining the 
connection of the links. 

The relationship between the projections and the 
recesses which are provided respectively on the 
concave spherical surface side and the convex 
spherical surface sides in the figures, may be re- 
versed. 

The links of the sheath can be composed of vari- 
ous materials including metals. However synthetic 
polymers are preferred for most applications. 

In addition, the link shapes shown in the figures 
are merely specific examples, and various modifica- 
tions can be made, such as described with refer- 
ence to the other embodiments described herein. 

Claims 

1. A flexible supporting sheath for cables and the 
like comprising a series of interconnected substan- 
tially Identical links (6), each link having an internal 
passage, with circular transverse cross-sections 
throughout its length, extending through it from one 
end to the other, an inner concave spherical sur- 
face (10) formed in the passage at one end of the 
link, and an outer convex spherical surface (11) 
formed on the outer surface of the link at its oppo- 


site end, in which the convex surface (1 1) of at least 
one link (6) is engaged with a concave surface (10) 
of an adjacent one of said links, in which the cent- 
ers of the engaged convex and concave surfaces 

5 coincide, and in which the concave surface of said 
adjacent link overlaps the convex surface of said 
one link to an extent such as to prevent separation 
of the links, said links having means (14, 15) for limit- 
ing articulations of adjacent links, and character- 

10 ized by the fact that the internal passage of each of 
said links (6) has an intermediate portion (13) located 
between the concave surface (10) of the passage 
and the end portion (12) of the passage inside the 
portion of the link having the outer convex surface 

15 (11), the diameter of said end portion of the passage, 
at its opening, being greater than the minimum diame- 
ter of said intermediate portion (13), whereby the in- 
terconnected links (6) form a continuous hollow pas- 
sage for a cable or the like. 

20 2. A flexible supporting sheath according to claim 
1 in which the diameter of the opening at said portion 
(12) of the passage at the end of said one link (6) is 
sufficiently greater than the minimum diameter of 
the intermediate portion (13) of the passage of said 

25 adjacent one of said links, that, when said one link 
and said adjacent link are bent relative to each oth- 
er to their limit of articulation, said end of said one 
link does not extend beyond said intermediate por- 
tion (13) of said adjacent link into said continuous 

30 hollow passage. 

3. A flexible supporting sheath according to claim 
1 having stop means (24, 25, 26) inserted between 
outer surfaces of said one link and said adjacent 
link, said stop means restricting articulating move- 

35 ment of said one link and said adjacent link. 

4. A flexible supporting sheath according to claim 
1 in which at least one of said links (37) has a branch 
opening. 

5. A flexible supporting sheath according to claim 
40 1 in which at least one of said Gnks (42) has a branch 

opening having a first spherical connecting sur- 
face, and having a branch comprising a further se- 
ries of interconnected links connected to said 
branch opening, wherein a first link (44) in said 
45 branch has a second spherical connecting surface 
mating with said first spherical connecting surface. 

6. A flexible supporting sheath according to claim 
1 in which at least one of said links has a branch 
opening, and in which said link having a branch 

50 opening is a T-shaped link (37). 

7. A flexible supporting sheath according to claim 
1 in which at least one of said links has a branch 
opening and in which said Gnk having a branch open- 
ing is a Y-shaped link (42). 

55 8. A flexible supporting sheath according to claim 
1 in which at least one of said links (46) has a plurali- 
ty of branch openings. 

9. A flexible supporting sheath according to claim 
1 in which at least one of said links (46) has a piurali- 

60 ty of branch openings, each branch opening having 
a first spherical connecting surface, and a sepa- 
rate branch connected to each said branch open- 
ing, each separate branch comprising a series of in- 
terconnected links connected to said branch operv 

65 ing wherein a first link (48, 49, 50) In each branch 
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has a second spherical connecting surface mating 
with the first spherical connecting surface at the 
branch opening to which the branch is connected. 

10. A flexible supporting sheath structure com- 
prising a pair of flexible supporting sheathes ac- 
cording to claim 1, wherein at least one link of each 
sheath has a branch opening, and having means 
connecting the branch opening of a link in one 
sheath of the pair to a branch opening of a fink in 
the other sheath. 

1 1. A flexible supporting sheath according to claim 
1 wherein the concave spherical surface of at least 
one fink and the mating convex spherical surface of 
an adjoining link are provided with an annular seal 
(59) located between and engaging both said spheri- 
cal surfaces. 

12. A flexible supporting sheath according to 
claim 1 having a flexible belt seal (65) covering a gap 
formed between at least two adjoining links. 

13. A flexible supporting sheath according to 
claim 1 having an annular seal (70) compressed axial- 
ty between opposed surfaces of at least two adjoin- 
ing links. 

14. A flexible supporting sheath according to 
claim 1 wherein one of the mating concave and 
convex spherical surfaces of at least one pair of 
adjoining links is provided with at least one pro- 
jection (73, 74) substantially dosing the gap 
between said concave and convex surfaces of said 
pair of links. 

15. A flexible supporting sheath according to 
claim 1 characterized in that each of said links is 
split longitudinally into halves (78, 78*), each of said 
halves is provided with two longitudinal faying sur- 
faces (80, 81), and at least one pair of said faying 
surfaces are engaged to each other by snap-in con- 
nection means (82, 83). 

16. A flexible supporting sheath according to 
claim 15 wherein at least one pair of said faying sur- 
faces are continuous with each other through a thin 
wall molded hinge (98). 

17. A flexible supporting sheath according to 
claim 1 wherein a pair of mating concave and convex 
spherical surfaces are provided with at least one 
set of aligned radial holes (106, 107) and having a pin 
(103) extending at least partly into both holes of at 
least one set, the pin being press fit into one hole of 
the set and fitting loosely in the other hole of the set. 

18. A flexible supporting sheath according to 
daim 17 wherein said pin (1 14, 1 17) is conneded to a 
spacer (1 1 2, 1 16) located in a gap between outer sur- 
faces of adjacent links. 

19. A flexible supporting sheat according to daim 
1 wherein a spacer (130, 131) located in a gap be- 
tween outer surfaces of adjacent links, said spacer 
has a tongue (132, 135) extending in the longitudinal 
direction, said tongue being engaged with a groove 
(136) provided in one of said adjacent links to pre- 
vent said link from rotating relative to said spacer, 
and means for preventing said spacer from rotating 
relative to the other one of said adjacent links. 

20. A flexible supporting sheath according to 
daim 19 wherein said means for preventing said 
spacer from rotating relative to the other one of 
said adjacent links is a second tongue (133, 137) ex- 


tending longitudinally from said spacer in the direc- 
tion opposite to the direction in which the other 
tongue (132, 135) extends, said second tongue en- 
gaging a groove (138) in the other one of said ad|a- 
5 cent links. 

21. A flexible supporting sheath according to 
daim 1 characterized in that one of the engaged 
spherical surfaces of at least one pair of adjacent 
links is provided with projections (145), while the 

10 other is provided with recesses (148), and said pro- 
jedions are engaged with said recesses. 

22. A flexible supporting sheath according to 
daim 21 wherein at least one Bnk of a pair of adjoin- 
ing finks has a large diameter part (157) on the out- 

15 side of its concave spherical surface, at least a 
portion (158) of said large diameter part projecting in 
the longitudinal diredion and being engageable with 
a large diameter part on the outside of the adjoining 
fink to limit articulation of said adjoining links. 

20 23. A flexible supporting sheath according to 
daim 22 wherein said projecting portion (154) ex- 
tends approximately halfway around the drcumfer- 
ence of the link of which it Is a part 

24. A flexible supporting sheath according to 
25 daim 22 wherein said projecting portion (162) ex- 
tends substantially all the way around the circumfer- 
ence of the link (160) of which it is a part 

25. A flexible supporting sheath according to 
daim 24 wherein said projecting portion extends Jon- 

30 gitudinally far enough so that it engages a large di- 
ameter part of the adjoining link when said links are 
axialry aligned, whereby said adjoining links are pre- 
vented from articulating. 

26. A flexible supporting sheath according to 
35 daim 21 wherein said projections (145) and said re- 
cesses (148) are drcular and cylindrical In shape. 

27. A flexible supporting sheath according to 
daim 21 wherein said recesses are elongated slots 
(173). 

40 28. A flexible supporting sheath according to 
daim 21 wherein said recesses are in the form of 
rectangular slots (173) the length and width of which 
are both larger than the diameter of the projections 
(170) with which they are engaged. 

45 29. A flexible supporting sheath according to 
daim 21 wherein at least one of said spherical sur- 
faces has alternatively usable recesses (173, 183) 
of different shapes. 
30. A flexible supporting sheath according to 

50 daim 1 in which each of said links comprises first 
(18) and second (20) articulable link elements, the 
said inner concave part (17) of each link being at 
one end of the first link element (18) thereof, the 
said outer convex part (19) of each fink being at one 

55 end of the second fink element (20) thereof, the op- 
posite end of said first link (18) element having a se- 
cond inner concave spherical part, the opposite 
end of said second link element (20) having a se- 
cond outer spherical convex part, and said second 

60 concave and convex parts being concentric, enga- 
ged with each other, and overlapping to an extent 
such as to prevent separation of said link elements. 
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PatentansprOche 

1 . Flexible Tragummantelung fur Kabel und derglei- 
chen mit einer Reihe von gegenseitig verbundenen 
im wesentiichen identischen Verbindungsgliedem 
(6), wobei jedes Verbindungsglied elnen Innenkanal 
mit kreistermigen Querschnitten Ober seine ganze 
Lange aufweist welcher Innenkanal sich von einem 
Ende zum anderen erstreckl, mit einer inneren kon- 
kaven kugelfdrmigen Rache (10) an einem Ende des 
Verbindungsgliedes, mit einer auBeren konvexen 
kugelfdrmigen Rache (11), die auf der AuBenfllache 
des Verbindungsgliedes an seinem gegenOber- 
Gegenden Ende ausgebildet ist wobei die konvexe 
FISche (11) mindestens eines Verbindungsgliedes (6) 
im Eingriff mit einer konkaven Rache (10) eines 
benachbarten Verbindungsgtiedes liegt und die 
Zentren der im Eingriff befmdiichen konvexen und 
konkaven Kugelflachen zusammenfailen und die 
konkave Rache des benachbarten Verbindungs- 
gliedes sich mit der konvexen Oberfiache des einen 
Verbindungsgliedes soweit Gberlappt, daB die Tren- 
nung der Verbindungsglieder verhindert ist, wobei 
femer die Verbindungsglieder Mittel (14, 15) zur Be- 
grenzung der Abwinkelbewegung benachbarter 
Verbindungsglieder aufweisen, dadurch gekenn- 
zeichnet, daB der Innenkanal eines jeden Verbin- 
dungsgliedes (6) einen Zwischenabschnitt (13) auf- 
weist der zwischen der konkaven Oberfiache (10) 
des Kanals und dem Endabschn'rtt (12) des Kanals in- 
nerhalb des Verbindungsgliedabschnittes mit der 
SuBeren konvexen Rache (11) liegt und daB der 
Durchmesser des Endabschnftts des Kanals an sei- 
ner Offnung grfiBer als der Minimaldurchmesser 
des Zwischenabschnitts (13) ist, wobei die gegensei- 
tig verbundenen Verbindungsglieder einen kontinu- 
ierlichen Hohlkanal fur ein Kabel oder dergleichen 
bilden. 

2. Rexible Tragummanteluna nach Anspruch 1, bei 
der der Durchmesser der Offnung an dem Ab- 
schnitt (12) des Kanals am Ende des einen Verbin- 
dungsgliedes (6) ausreichend grdBer als der Mini- 
maldurchmesser des Zwischenabschnitts (13) des 
Kanals des benachbarten Verbindungsgliedes ist, 
so daB, wenn das eine Verbindungsglied und das be- 
nachbarte Verbindungsglied bis zur Abwinkelgren- 
ze abgewinkelt werden, das Ende des einen Verbin- 
dungsgliedes sich nicht Ober den Zwischenab- 
schnitt (13) des benachbarten Verbindungsgliedes 
in den kontinuieriichen Hohlkanal hinein erstreckl 

3. Rexible Tragummantelung nach Anspruch 1 mit 
Anschlagm'rtteln (24, 25, 26) zwischen den AuBen- 
flachen des einen Verbindungsgtiedes und dem be- 
nachbarten Verbindungsglied, weiche Anschlag- 
mittel die Abwinkelbewegung zwischen dem einen 
Verbindungsglied und dem benachbarten Ver- 
bindungsglied begrenzea 

4. Rexible Tragummantelung nach Anspruch 1, 
bei der mindestens eines der Verbindungsglieder 
(37) eine Abzweigdffnung aufweist 

5. Rexible Tragummantelung nach Anspruch 1, bei 
der mindestens eines der Verbindungsglieder (42) 
eine Abzweigdffnung mit einer ersten spharischen 
AnschluBflache und einen Zweig mit einer weiteren 
Reihe von untereinander verbundenen Verbin- 


dungsgliedem aufweist, die an die Abzweigdffnung 
angeschlossen sind, wobei ein erstes Verbindungs- 
glied (44) in dem Zweig eine zweite spharische An- 
schuBflache aufweist die mit der ersten sphari- 
5 schen AnschluBflache zusammenpaBt 

6. Rexible Tragummantelung nach Anspruch 1 , bei 
der mindestens eines der Verbindungsglieder eine 
Zweigdffnung aufweist und bei der das eine Zweig- 
offnung aufweisende Verbindungsglied ein T-Ver- 

10 bindungsgOed (37) ist 

7. Rexible Tragummantelung nach Anspruch 1, bei 
der mindestens eines der Verbindungsglieder eine 
Zweigdfmung aufweist, und bei der das eine Zweig- 
dfmung aufweisende Verbindungsglied ein Y-Ver- 

15 bindungsglied (42) ist 

8. Rexible Tragummantelung nach Anspruch 1, bei 
der mindestens eines der Verbindungsglieder (46) 
eine Vielzahl von Zwelgdffnungen aufweist. 

9. Rexible Tragummantelung nach Anspruch 1, bei 
20 der mindestens eines der Verbindungsglieder (46) 

eine Vielzahl von Zweigdffnungen und jede Zweig- 
dffnung eine erste spharische AnschluBflache auf- 
weist und eine gesonderter Zweig an jede Zweigdff- 
nung angeschlossen ist, wobei jeder Zweig eine Rei- 

25 he von untereinander verbundenen und an die 
Zweigdffnung angeschlossenen Verbindunsglieder 
aufweist, wobei ferner ein erstes Verbindungsglied 
(48, 49, 50) in jedem Zweig eine zweite spharische 
AnschluBflache aufweist die mit der ersten sphari- 

30 schen AnschluBflache an der Zweigdffnung zusam- 
menpaBt an die der Zweig angeschlossen ist 

10. Rexible Tragummantelungsstruktur mit einem 
Paar von flexiblen Tragummantelungen nach An- 
spruch 1, bei der mindestens ein Verbindungsglied 

35 einer jeden Ummantelung eine Zweigdffnung und 
Mittel aufweist, die die Zweigdffnung eines Verbin- 
dungsgliedes in einer Ummantelung des Paares mft 
der Zweigdffnung eines Verbindungsgliedes in der 
anderen Ummantelung verbinden. 

40 11. Rexible Tragummantelung nach Anspruch 1, 
bei der die konkave spharische Rache mindestens 
eines Verbindungsgliedes und die dazupassende 
konvexe spharische Rache eines anschlieBenden 
Verbindungsgliedes mit einer Ringdichtung (59) ver- 

45 sehen sind, die zwischen den beiden spharischen 
Rachen angeordnet ist und mit diesen in Eingriff 
stent. 

12. Rexible Tragummantelung nach Anspruch 1, 
die einen flexiblen Dichtungsgurtel (65) aufweist 

50 der einen zwischen mindestens zwei angrenzenden 
Verbindungsgliedem gebiideten Spalt bedeckt 

13. Rexible Tragummantelung nach Anspruch 1, 
die einen Dichtungsring (70) aufweist, der axial zwi- 
schen zwei sich gegenQberstehenden RSchen min- 

55 destens zweier benachbarter Verbindungsglieder 
eingequetscht ist 

14. Rexible Tragummantelung nach Anspruch 1, 
bei der eine der zueinanderpassenden konkaven 
und konvexen spharischen Rachen mindestens ei- 

60 nes Paares benachbarter Verbindungsglieder mit 
mindestens einem Vorsprung (73, 74) versehen Ist, 
der im wesentiichen den Spalt zwischen der konka- 
ven und der konvexen Rache des Paares von Ver- 
bindungsgliedem schlieBt 

65 15. Rexible Tragummantelung nach Anspruch 1, 
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dadurch gekennzeichnet daB Jedes der Verbin- 
dungsglieder in Langsrichtung in Halften (78, 78 1 ) 
gespaiten ist wobei jede der HaJften mit zwei longi- 
tudinalen PaBdichtungsflachen (80, 81) versehen isl 
und mlndestens ein Paar der PaBdichtungsflachen 
miteinander durch Einrastverbindungsmittel (82, 83) 
in Bngriff stehen. 

16. Flexible Tragummanteiung nach Anspruch 15, 
bei der mlndestens ein Paar der PaBdlchtungsfiS- 
chen miteinander kontinuierfich durch ein dOnnwan- 
diges angegossenes Geienk (98) verbunden sind. 

17. Flexible Tragummanteiung nach Anspruch 1, 
bei der ein Paar von konkaven und konvexen spha- 
rischen Rachen mit mlndestens einem Satz von aus- 
gerichteten RadiaJI6chem (106, 107) versehen ist 
und einen Stift (103) aufweist der sich mindestens 
teilweise in beide Locher mindestens eines Satzes 
erstreckt welcher Stift in einem Loch des Satzes 
unter PreBpassung und in dem anderen Loch des 
Satzes lose sHzt 

18. Flexible Tragummanteiung nach Anspruch 17, 
bei der der Stm (114, 117) mit einem AbstandsstOck 
(112, 116) verbunden ist, das in einem Spalt zwischen 
AuBenflachen von benachbarten Verbindungsgfie- 
dem angeordnetist 

19. Flexible Tragummanteiung nach Anspruch 1, 
bei der ein AbstandsstOck (130, 131) in einem Spalt 
zwischen AuBenflachen benachbarter Verbin- 
dungsglieder angeordnet ist welches Abstands- 
stOck eine sich in Langsrichtung erstreckende Zun- 
ge (132, 135) aufweist welche Zunge im Bngriff mit 
einer in einem der benachbarten Verbindungsglie- 
der vorgesehenen Nut (136) stent urn eine Rotieren 
des Verbindungsglieds relativ zu dem Abstands- 
stOck zu vermeiden, und mit Mitteln, die verhin- 
dem, daB das AbstandsstOck sich relativ zu dem 
anderen der benachbarten Verbindungsglieder 
drehi 

20. Rexible Tragummanteiung nach Anspruch 19, 
bei der die Mitte! zur Verhinderung der Rotation 
des Abstandsstuckes relativ zu dem anderen der 
benachbarten Verbindungsglieder aus einer zwei- 
ten Zunge (133, 137) bestehen, die sich longitudinal 
von dem AbstandsstOck in Gegenrichtung zu der 
Richtung erstreckt, in der sich die andere Zunge 
(132, 135) erstreckt wobei die zweite Zunge in eine 
Nut (138) in dem anderen der benachbarten Verbin- 
dungsglieder eingreift. 

21. Flexible Tragummanteiung nach Anspruch 1, 
dadurch gekennzeichnet daB eine der Im Bngriff 
stehenden spharischen Rachen mindestens eines 
Paares von benachbarten Verbindungsgliedem mit 
Vorsprungen (145) versehen ist wahrend die ande- 
re Ausnehmungen (148) aufweist und daB die Vor- 
sprOnge in die Ausnehmungen eingreifen. 

22. Flexible Tragummanteiung nach Anspruch 21, 
bei der mindestens ein Verbmdungsglied eines Paa- 
res von benachbarten Verbindungsgliedem einen 
Teil (157) mit groBem Durchrnesser auf der AuBen- 
seite seiner konkaven spharischen RSche auf- 
weist wobei mindestens ein Te3 (158) des Tells mit 
groBem Durchrnesser in Langsrichtung vorsteht 
und in Bngriff bringbar ist mit einem Teil groBen 
Durchmessers auf der AuBenseite des benachbar- 
ten Verbindungsgliedes, urn die Abwinkelung der be- 


nachbarten Verbindungsglieder zu begrenzen. 

23. Flexible Tragummanteiung nach Anspruch 22, 
bei der der vorstehende Teil (154) sich etwa halb urn 
den Umfang des Verbindungsgliedes erstreckt, 

5 dessen Teil er ist 

24. Rexible Tragummanteiung nach Anspruch 22, 
bei der der vorstehende Teil (162) sich im wesentli- 
chen Ober den ganzen Umfang des Verbindungs- 
gliedes (160) erstreckt dessen Teil er ist 

10 25. Rexible Tragummanteiung nach Anspruch 24, 
bei der der vorstehende Teil sich in Langsrichtung 
weit genug erstreckt so daB er mit einem Teil gro- 
Ben Durchmessers des benachbarten Verbindungs- 
gliedes in Bngriff steht wenn die Verbindungsglie- 

15 der axial aufgereiht werden, wobei die benachbar- 
ten Glieder gegen Abwinkelung gesichert sind. 

26. Rexible Tragummanteiung nach Anspruch 21, 
bei dem die VorsprOnge (145) und die Ausnehmun- 
gen (148) kreistarmig und zylinderfdrmig sind. 

20 27. Rexible Tragummanteiung nach Anspruch 21, 
bei der die Ausnehmungen UngsschDtze (173) sind. 

28. Flexible Tragummanteiung nach Anspruch 21, 
bei der die Ausnehmungen die Form von rechtecki- 
gen Schlitzen (173) aufweisen, deren Lange und 

25 Breite jeweils grfiBer als der Durchrnesser der Vor- 
sprOnge (170) sind, mit denen sie im Eingriff stehen. 

29. Rexible Tragummanteiung nach Anspruch 21, 
bei der mindestens eine der spharischen Rachen al- 
ternate benutzbare Ausnehmungen (173, 183) un- 

30 terschiedlicher Form aufweist 

30. Rexible Tragummanteiung nach Anspruch 1, 
bei der jedes der Verbindungsglieder erste (18) und 
zweite (20) artikullerbare Giiederelemente aufweist, 
wobei der innere konkave Teil (17) eines jeden Ver- 

35 bindungsgliedes sich an einem Ende des ersten Glie- 
derelements (18) desselben befindet, wobei femer 
der auBere konvexe TeO (19) eines jeden Verbin- 
dungsgliedes sich an einem Ende des zweiten Glie- 
derelements (20) desselben befindet, wobei femer 

40 das entgegengesetzte Ende des ersten Gliederele- 
ments (18) einen zweiten inneren konkaven sphari- 
schen Teil aufweist und das entgegengesetzte En- 
de des zweiten Giiederelements (20) einen zweiten 
auBeren spharischen konvexen Teil aufweist wobei 

45 schlieBHch die zweiten konkaven und konvexen Tel- 
le konzentrisch und miteinander im Eingriff sind und 
sich soweit uberlappen, daB eine Trennung der Giie- 
derelemente verhindert ist 

50 Revendications 

1. Gaine flexible de support pour cables et analo- 
gues, comprenant une serie de maillons sensible- 
ment identiques (6), relics entre eux, chaque maillon 

55 ayarrt un passage interieur, avec des sections 
transversa! es circulaires sur toute sa longueur, 
s'etendant a travers lui cfune extremit6 a Pautre, 
und surface spherique concave interieure (10) for- 
mee dans le passage a une premiere extremite* du 

60 maillon, et une surface sphdrtque convexe extSrieu- 
re (11) formee sur la surface exterieure du maiDon a 
son extremite opposee, la surface convexe (11) <fau 
moins un premier maillon (6) 6tant en contact avec 
une surface concave (10) de Pun, adjacent, desdits 

65 maillons, de maniere que les centres des surfaces 
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convexe et concave en contact coincident, et la 
surface concave dud'rt maillon adjacent chevau- 
chant la surface convexe dud'rt premier maillon a un 
degr§ tel qu'elle empeche la separation des rnaOlons, 
iesdits maillons comportant des moyens (14, 15) des- 
tines a limiter les articulations de maillons adjacents, 
caracterfsee par le fait que le passage interieur de 
chacun desdits maiOons (6) comporte une partie in- 
termedial (13) situee entre la surface concave (10) 
du passage et la partie extreme (12) du passage a 
Tinterieur de la partie du maillon ayant la surface 
convexe extgrieure (11), le diametre de ladite partie 
extreme du passage, a son ouverture, 6tant plus 
grand que le diametre minimal de ladite partie inter- 
mSdiaire (13), de maniere que les maillons (6) relies 
entre eux torment un passage creux continu pour un 
cable ou analogue. 

2. Gaine flexible de support selon la revendica- 
tion 1, dans laquelle le diametre de I'ouverture a ladi- 
te partie (12) du passage a I'exmimite' dudit premier 
maillon (6) est suffisamment plus grand que le diame- 
tre minimal de la partie tntermeciiaire (13) du passage 
dudit maillon adjacent pour que, lorsque ledrt pre- 
mier maillon et ledit maillon adjacent sont coud§s Tun 
par rapport a I'autre jusqu'a leur Rmite d'articulation, 
ladite extrSmrte" dudit premier maillon ne s'etende pas 
au-dela de ladite partie intermedial (13) dudit 
maillon adjacent jusque dans ledit passage creux 
continu. 

3. Gaine flexible de support selon la revendica- 
tion 1, comportant des moyens de but£e (24, 25, 26) 
ins§r6s entre des surfaces exterieures dudit pre- 
mier maillon et dudit maillon adjacent, Iesdits moyens 
de but6e limitant le mouvement d'articulation dudit 
premier maillon et dudit maillon adjacent 

4. Gaine flexible de support selon la revendica- 
tion 1, dans laquelle au moins run desdits maillons 
(37) presente une ouverture de branchement 

5. Gaine flexible de support selon la revendica- 
tion 1, dans laquelle au moins Tun desdits maillons 
(42) presente une ouverture de branchement ayant 
une premiere surface spherique de raccordement 
et ayant une branche comprenant une autre serie 
de rnaOlons relies entre eux, et raccordee a ladite 
ouverture de branchement, un premier maillon (44) 
de ladite branche ayant une seconde surface sph£- 
rique de raccordement s'accouplant avec ladite pre- 
miere surface sphfrique de raccordement 

6. Gaine flexible de support selon la revendica- 
tion 1, dans laquelle au moins i'un desdits maillons 
presente une ouverture de branchement et dans la- 
quelle ledit maillon ayant une ouverture de branche- 
ment est un maillon (37) de forme en T. 

7. Gaine flexible de support selon la revendica- 
tion 1, dans laquelle au moins run desdits maillons 
presente une ouverture de branchement et dans la- 
quelle ledit maillon ayant une ouverture de branche- 
ment est un maillon (42) de forme en Y. 

8. Gaine flexible de support selon la revendica- 
tion 1, dans laquelle au moins run desdits maillons 
(46) presente ptusieurs ouvertures de branche- 
ment 

9. Gaine flexible de support selon la revendica- 
tion 1, dans laqueDe au moins I'un desdits maillons 
(46) presente plusieurs ouvertures de branche- 


ment, chaque ouverture de branchement ayant une 
premiere surface spherique de raccordement, et 
und branche s6paree raccordee a chacune desdi- 
tes ouvertures de branchement, chaque branche 
sgparee comprenant une serie de maillons relies en- 
tre eux et raccordes a ladite ouverture de branche- 
ment, un premier maillon (48, 49, 50) de chaque 
branche ayant une seconde surface spherique de 
raccordement s'accouplant avec la premiere surfa- 
ce spherique de raccordement a I'ouverture de 
branchement a laquelle la branche est raccordee. 

10. Structure de gaines flexible s de support com- 
prenant une paire de gaines flexibles de support se- 
lon la revendication 1, dans laquelle au moins un 
maillon de chaque gaine presente une ouverture de 
branchement, et comportant des moyens raccor- 
dant I'ouverture de branchement d'un maillon d'une 
gaine de la paire a une ouverture de branchemnt 
d'un maillon de I'autre gaine. 

11. Gaine flexible de support selon la revendica- 
tion 1, dans laquelle la surface spherique concave 
cTau moins un maillon et la surface spherique conve- 
xe complementaire d'un maillon adjacent sont munies 
d'un joint annulaire (59) d* etancheite dispose entre 
et portant contre les deux surfaces spheriques. 

12. Gaine flexible de support selon la revendica- 
tion 1, comportant un joint flexible (65) cf6tancheit§ a 
ruban recouvrant un intervaile formg entre au 
moins deux maillons contigus. 

13. Gaine flexible de support selon la revendica- 
tion 1, comportant un joint annulaire (70) cf6tanchei- 
te* comprime* axialement entre des surfaces oppo- 
ses d'au moins deux maillons contigus. 

14. Gaine flexible de support selon la revendica- 
tion 1, dans laquelle i'une des surfaces sphenques 
complementaires concave et convexe d'au moins 
une paire de maillons contigus presente au moins 
une saillie (73, 74) fermant sensiblement rintervafle 
entre lesdites surfaces concave et convexe de ladi- 
te paire de maillons. 

15. Gaine flexible de support selon la revendica- 
tion 1, caracteris6e en ce que chacun desdits 
maillons est fendu longitudinalement en deux moities 
(78, 78*), chacune desdites moities presente deux 
surfaces affleurantes longitudinaJe (80, 81), et au 
moins deux desdites surfaces affleurantes sont en- 
clenchSes rune avec I'autre par des moyens de rac- 
cordement (82, 83) a embortement elastique. 

16. Gaine flexible de support selon la revendica- 
tion 15, dans laquelle au moins deux desdites surfa- 
ces affleurantes sont continues entre elies par I'in- 
termSdiaire d'une charniere moulee (98) a paroi min- 
ce. 

17. Gaine flexible de support selon la revendica- 
tion 1, dans laquelle deux surfaces sphenques com- 
plementaires concave et convexe sont munies d'au 
moins un jeu de trous radiaux alignes (106, 107), un 
axe (103) s'&endant au moins partiellement dans les 
deux trous d'au moins un jeu, I'axe etant emmanch§ a 
force dans un trou du jeu et ajuste librement dans 
fautre trou du jeu. 

1a Gaine flexible de support selon la revendica- 
tion 17, dans laquelle ledit axe (114, 1 17) est relie a 
une entretoise (1 12, 1 1 6) dispose dans un intervaile 
entre des surfaces extSrieures de maillons adja- 
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cents. 

19. Gains flexible de support selon la revendfca- 
tion 1, dans laquelle une entretoise (130, 131) est pla- 
cee dans un intervalie entre des surfaces exterieu- 

res de maillons adjacents, ladite entretoise compor- 5 
te une languette (132, 135) s'etendant dans la direc- 
tion longitudinale, ladite languette etant enclenchee 
avec une gorge (136) prevue dans i'un desdits 
maillons adjacents pour empecher (edit maiilon de 
tourner par rapport a. ladite entretoise, et des 10 
moyens etant destines a. empecher ladite entretoise 
de tourner par rapport a I'autre desdits maillons ad- 
jacents. 

20. Gaine flexible de support seion la revendica- 

tion 19, dans laquelle lesdits moyens destines a em- 15 
pecher ladite entretoise de toumer par rapport a. 
I'autre desdits maillons adjacents comprennent une 
seconde languette (133, 137) s'etendant longitudina- 
lement d partir de ladite entretoise dans le sens op- 
pose & celui dans lequet i'autre languette (132, 135) 20 
s'&end, ladite seconde languette s'engageant dans 
und gorge (138) de I'autre desdits maillons adjacents. 

21. Gaine flexible de support selon la revendlca- 
tion 1, caractensee en ce que Tune des surfaces 
sphen'ques en contact d'au moins une paire de 25 
maillons adjacents comporte des saillies (145), tan- 

dis que I'autre presente des evidements (148), et 
lesdites saillies sont enclenchees avec lesdits evi- 
dements. 

22. Gaine flexible de support selon la revendica- 30 
tion 21 , dans laquelle au moins un maiilon d'une paire 

de maillons contigus comporte une partie de grand 
diametre (157) sur le cote exteneur de sa surface 
sphenque concave, au moins une portion (158) de la- 
dite partie de grand diametre faisarrt saillie dans la 35 
direction longitudinale et pouvant s'enclencher 
avec une partie de grand diametre sur le cote exte- 
rieur du maiilon contigu pour limiter Particulation des- 
dits maillons contigus. 

23. Gaine flexible de support selon la revendica- 40 
tion 22, dans laquelle ladite portion (154) en saillie 
s'etend approximativement sur la mottie" de la circon- 
ference du maiilon dont eile fait partie. 

24. Gaine flexible de support selon la revendica- 

tion 22, dans laquelle ladite portion en saillie (162) 45 
s'etend sensiblement sur la totalite de la drconfe- 
rence du maiilon (160) dont elle fait partie. 

25. Gaine flexible de support selon la revendica- 
tion 24, dans laquelle ladite portion en saillie s'etend 
longitudinalement assez loin pour s'enclencher 50 
avec une partie de grand diametre du maiilon conti- 
gu lorsque lesdits maillons sont alignes axlalement, 

de maniere a. empecher rarticulation desdits maillons 
contigus. 

26. Gaine flexible de support selon (a revendica- 55 
tion 21, dans laquelle lesdites saillies (145) et lesdits 
evidements (148) sont de forme circulaire et cylin- 
drique. 

27. Gaine flexible de support selon la revendica- 

tion 21, dans laquelle lesdits evidements sont des 60 
rainures allongees (173). 

28. Gaine flexible de support selon la revendica- 
tion 21, dans laquelle lesdits evidements se presen- 
tent sous la forme de rainures rectangulaires (173) 
dont la longueur et la iargeur sont toutes deux plus 65 



grandes que le diametre des saillies (170) avec les- 
quelles eiles sont enclenchees. 

29. Gaine flexible de support selon la revendica- 
tion 21, dans laquelle au moins Tune desdites surfa- 
ces spheriques presente des evidements (173, 183) 
de formes differentes, pouvant etre utilisees en ai- 
temance. 

30. Gaine flexible de support selon la revendica- 
tion 1, dans laquede chacun desdits maillons com- 
prend des premier (18) et second (20) dements de 
maillons pouvant s'articuler, ladite partie concave 
inteneure (17) de chaque maiilon 6tant k une extremi- 
t§ de son premier element de maiilon (18), ladite par- 
tie convexe exteneure (19) de chaque maiflon etant a 
une extremite de son second element de maiilon (20), 
i'extrgmitt opposee du premier element de maiilon 
(18) ayant une seconde partie spherique concave in- 
terteure, I'extremite opposee dudit second element 
de maiilon (20) ayant une seconde partie convexe 
spherique exterieure, et lesdites secondes parties 
concave et convexe etant concentriques, enclen- 
chees Tune avec I'autre et se chevauchant a un de- 
gre te) qu'elles empechent lesdits elements de 
maillons deseseparer. 
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FIG 38 
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